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Goals/Objectives

1. What was the probability/suitable habitat of saguaro in 19757
>.  What was the probability/suitable habitat of saguaro in 20107
3.  How has saguaro distribution changed in the 35 years as a whole?

4.  How has saguaro distribution changed in the 35 years by height
class?

5.  What environmental variables are the most influential in
determining suitable habitat?

6. What are the implications for management and future research?
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Saguaro W i

(Carnegiea gigantea) i
« Tree-like columnar cacti with
branches (arms)

- Eastern portion of Sonoran

Desert

« Sea level to ~5500 feet (1680

meters)

-« Slow growing, live to be 150-200

years old (or more)
-« 12-18 meters tall (40-60 feet)
«  Spines

- White waxy flowers bloom for
one night April-June
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Saguaro National Park

Tucson, AZ

Eastern edge of the
Sonoran Desert

Created in 1933 (as
Monument) to protect
saguaro, especially the
“Cactus Forest”

Expanded in 1961, 1976,
1991, and 1994, and
converted to Park

Study area includes 1
km buffer around the
Park

Two districts
« RMD
« TMD



Cactus Forest

Photos by Ray Turner, USGS.
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Census Data Collection

e Height

* Number of arms
* Number of holes
e Tag ID

e Other notes

NPS Photos



Data Compilation

0> M E_P (0 out of 3175 Selected)

PLOT TAG | utm x 83 | uTm_v_83 | HT_1975| HT_2010] ARMS_1975 | ARMS_2010 [ NOTES_1975 | NOTES_2010| HOLES_2010 | class_1975 | class_2010 |
] #1A |NA 525679649 | 3S64317.537 | <Mub> | 335 |<Nub> _Ojdwb ] 0 | A 2 |
1A S5 525894768 | 3564309.281 0.312 42 0 10 | excelent o1 2
A €3 525675643 | 3564282059 418 65 10 8 | excalent 02 3
A 54 S2S578.052 | 3564286022 | 5.085 13 0 8 | far, double cro | 547 2|3 <
2A NA 525683414 | 3564245257 | <Null> 22 | <Null> 0 | <Nut> 0 NA 1
| $1A NA S25682218 | 3584245616 | <Null> 161 | <Nul> 0 | <Nuib> 0 | A 1
A NA 525683049 | 3564241.849 | <Null> 161 | <Null> 0 [ <Nut> 0| NA 1
___741A NA 525683.204 3564240.872 | <Nulb> 0.64 | <Nult> 0 | <Nuit> 0 | A 1 |
41A NA 525887314 | 3564236226 | <Nul> | 3.9 | <Null> 0 | <Nul> 0| NA 2 |
[ |4 NA 525670608 | 3564238195 |<Nulb | 165 <hull> 0 | <Nut> 0 NA 1 |
$1A 8 525674305 | 3584227474 969 0 3 0 | fair dead 04 DEAD
[ e [55 | sosereas| 3seaazeei| vsT| 0] ) 0|00 | ead o] OEAD |
41A NA S25869.483 | 3584226216 | <Nulb> 1.08 | <Nulb> 0 | <Nub> 0| NA 1
41A NA 525665539 | 3584218995 | <Null> 1.9 | <Nult> 0| <Nut> 0| NA 1
1A NA §25864.403 | 3564219288 | <Nulb> 0.85 | <Nulb> 0 | <Nul> 0| NA 1
41A 32 525666561 | 3564206430 603 0 3 0/ tar dead [E DEAD
@A 3 S25865329 | 2554205958 | 4.605 0 [] 0 | goodleaning dead 02 DEAD
§A A 525671262 | 3564220595 | <Null> 0,48 | <Null> 0| <Nul> 0| A 1
BED 19 525681218 | 3564192.143 | 5525 0 3 0 | far; 2 arms at to | dead 0[3 DEAD |
A 18 525682392 | 3584192976 | 7625 0 2 0 | good dead 04 DEAD
| | 414 20 S25681.170 | 3564194.120 224 | 4 1 0 | far; top injured, 3|1 2 |
41A 2 525879465 | 3564192.897 379 0 0 0 | good dead 0|2 DEAD |
[ 41 20| sasestos| dssateae| ere| O 1 0] tor ges o3 OEAD |
1A 23 S25880.536 | 3564192121 52 0 0 0| fair dead 0|3 DEAD |
4A 21 525879524 | 3564193.027 41 0 0 0| good dead 02 DEAD
A NA S25875.184 | 3564195204 | <Nulb> 0.69 | <Nulb> 0 | <Nui> 0| NA 1
1A NA 525670.342 | 3564194.340 | <Null> 0.31 | <Null> 0 [ <Nut> 0 [wa 1
1A 26 S25869.217 | 3564190.080 10 0 4 0| fair dead 0[S DEAD
$1A 33 525665877 | 3564199510 83 0 1 0| far dead 04 DEAD
|_] 41A N/A S25657.797 | 3564201683 | <Nulb | 133 | <Null> 0 | <Nut> 0| A 1 |
A NA 525657.189 | 3564202604 | <Null> 1.32 | <Null> 0 | <Nul> 0 NA 1
[ |«1a A 525661735 | 3564184751 [<Nulbb | 047 [<Null> 0 | <Nuit> 0| NiA 1 |
A NA 525669.223 | 3584179.311 | <Nul> 0.6 | <Null> 0 | <Nub> 0 [nA 1
[ |41 NA 525670312 | 3564174285 [<Nule | 078 | <Null> 0 | <Nul> 0 [ A 1 |
41A 13 S25874.434 | 3564176397 579 0 3 0| fair dead NE DEAD |
A 15 $25692577 | 3564162165 | 9.385 0 8 0 | good dead 04 DEAD
1A NA | 525670427 | 3564165201 | <Nulb 0.5 | <Nulb> 0 | <Nui> 0 [ NA 1
QA NA 525650585 | 3564172.529 | <Null> 0.55 | <Null> 0 | <Nult> 0| NA 1 |

Height Classes
(meters)

* 1= 0.00-2.49
® 2=2.50-4.99

® 3=5.00-7.49

® 4=7.50-9.99

* 5=10.00+
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Count

Census Results- Height Class by Plot
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Census Results- Plot by Height Class
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Maxent

£2 Maximum Entropy Species Distribution Modeling, Version 3. 2.0 - ® Rem Ove dup lica tes:
Samples i . Emvironme ntal layers fa l Se

 Linear features:

false

e Threshold features:
false

e Hinge features:

false

[ Linear features Create response curves [_| . Add a II Sa m IeS to
D Quadratic features Make pictures of predictions D b a Cl<g ro u n : tru e

[ Product features Do jackknife to measure variable importance [

] Threshold features Output format |Logistic v ® a u tOfea tu re: fa Ise
) S Output file type |.asc b
e o sty o * Default prevalence:
Auto features Projection layers directoryfile | Browse O 7
Run Settings | Help .




MaxEnt Results- Total Count

Change in Distribution
= 1 (more likely)

- 0 (no change)
= -1 (less likely)




MaxEnt Results- Height Class 1




MaxEnt Results- Height Class 2

Change in Distribution
= 1 (more likely)

-0 (no change)
=41 (less likely)




MaxEnt Results- Height Class 3




MaxEnt Results- Height Class




MaxEnt Results- Height Class 5




Result Summary

e All models show a change distribution

e 50% increase in saguaro population on the 11 plots
e Largest increase= 368% on 41B
e Only decrease=-65% on 75]

Height Class 1 2 3 4 5( Total

Percent Change| 119%| 20%| 18%| -59%| -58% 50%

e Models showed overall more suitable habitat; RMD more “green’,
except higher elevations, TMD more “brown” except higher elevations

e Height class 1a LOT more green, some uphill movement
e Height class 2 more lighter green

e Height class 3 a LOT more brown

e Height class 4 more brown

e Height class 5 more green at TMD and in higher elevation, more brown
where usually expect to find saguaros



Environmental Variables

For most models:

e Most influential as the only variable =
BIO6: minimum temperature of coldest
month

e Most influential when removed= BIO18:
precipitation of warmest quarter

e 1975 HC4 added BIO14 Precipitation

of Driest Month when variable
removed _ 01 = Peclltatlon of a

e Least influential variables= aspect, slope,
BIO2: mean diurnal range, BIO3:
isothermality, BIO5: max temperature of
the warmest month, BIO7: temperature
annual range and BIO15: precipitation
seasonality

i
1:%32 Eange(mmn)

- T80




Environmental Variables

T raat] LA DA, e SE

1975~ helght class 5: i | BIO15 Prempltatlon Seasonallty

e Most influential as the only variable =
BIO15:precipitation seasonality and
BIO18: precipitation of warmest quarter

e Most influential when removed=
elevation, BIO1: annual mean
temperature, BIOS8, 9, & 11: mean
temperatures of wettest & driest & coldest
quarters, and BIO13: precipitation of
wettest month

BPlot Boundary @Park Boundary

2010- height class 5:

e Most influential as only variable and
when removed= BIO6: minimum
temperature of coldest month

BFloct Boundary @Park Boundary




Discussion

e Saguaros are greatly influenced, as supported by the
published literature, by summer rains and winter
freezes

e More suitable habitat does not mean more saguaros,
just more places saguaros can exist

e i.e. height class 5 had a 58% decrease in population, but
model showed more likely habitat
e Less suitable habitat does not mean no saguaros

e i.e height class 3 had an 18% increase in population, but
model showed a lot less likely habitat



Discussion cont.

e The sample size is relatively small compared to the
actual population

e Plot locations do not provide complete coverage of
area
e Necessitated model variable adjustment



Future Research

e Additional data with a larger geographic
representation, especially in higher elevations

e Long-term monitoring should continue
e Repeat census in 10 years

e Additional environmental variables: soil, vegetative
cover (nurse trees), fire, invasive species, urbanization
e Comparing saguaro habitat with other species

e Predict possible changes with corresponding climate
scenarios, or changes in management



Questions




